Background: Hypersensitivity to one's own sex hormones is not a new concept but it is an underappreciated one. Such a phenomenon may explain a large proportion of symptoms related to the menstrual cycle (such as premenstrual syndrome, PMS), cyclic pain syndromes or unexplained infertility. In this study we propose a novel diagnostic tool of hormonal skin testing which reveals sex hormones sensitivity with high clinical correlation, and a subsequent successful desensitization technique. Methods: A group of 35 women with confirmed diagnosis of PMS were enrolled in the study in which they underwent a hormonal skin diagnostic skin testing procedure by intradermal injections of Progesterone (P), Estradiol (E2), Estrone (E1) and Estriol (E3). Skin reaction was monitored, and according to the reaction the patients were treated by serial desensitization by similar serial injections or placebo solvent. Response to treatment was monitored by assessing the change in the severity of PMS related symptoms. Results: We show a positive correlation between PMS severity and skin sensitivity to sex hormones. Subsequent desensitization procedure led to a significant improvement in the severity of PMS related symptoms. Conclusions: The testing and desensitization procedure is safe, sensitive and bares a high therapeutic potential in approach to resistant hormonal cycle related syndromes. 
Introduction

PMS (Premenstrual Syndrome
is a group of more than 100 physical and emotional symptoms occurring before the onset of menstruation, and disappearing at or during menses. The symptoms happen repetitively and in a cyclic pattern, and are associated with the luteal phase of the menstrual cycle (two weeks before the onset of menstruation). The symptoms are absent between two luteal phases.
According to the American College of Obstetricians and Gynecologists, 3-8% of all women suffer from a severe form of PMS, called premenstrual dysphoric disorder (PMDD). PMDD is a debilitating condition that renders those affected virtually paralyzed by their symptoms.
Sensitivity to their own hormones was initially reported in 1921 by Geber which demonstrated a flare in the cyclic urticaria following administration of the patient's own pre-menstrual serum. 1 Further
Zondec and Bromberg and Shelley et al. [2] [3] [4] [5] demonstrated that a case of severe generalized erythema multiform was caused by progesterone sensitivity and estrogen related dermatitis. The increased sensitivity to autoimmunity that is abundant in post pubertal women was speculated to be secondary to hormone related mast cell activation, probably through mast-cell degranulation by estrogens. Moreover, in human dendritic cells, in vitro, estrogen and progesterone upregulated IL-10 production. [6] [7] [8] Therefore, the well-established effect of perimenstrual fluctuations of sex hormones in women is probably at least partially responsible for different perimenstrual syndromes especially in autoimmune and pain related conditions, such as headache and pelvic pain.
In this study we investigated an effect of desensitization treatment with hormones on women with severe PMS.
☆ The study was approved by Tel Aviv Sourasky Medical Center Institutional Ethics Committee.
Study objectives
To evaluate the safety and efficacy of Diagnostic Hormonal Skin Test
Panel in subjects with severe PMS symptoms 2. To evaluate the safety of desensitization treatment in subjects with severe PMS symptoms sensitive to one or more female reproductive hormones 3. To evaluate the efficacy of desensitization treatment in subjects with severe PMS symptoms sensitive to one or more female reproductive hormones as compared to Placebo treatment 4. To evaluate a prevalence of intolerance to sex hormones in subjects with severe breast swelling and tenderness (mastalgia), as a dominant PMS symptom 5. To evaluate the efficacy of desensitization treatment to reduce mastalgia in subjects with severe PMS symptoms sensitive to one or more female reproductive hormones as compared to placebo treatment
Study design
A Phase II, prospective, single-blind, randomized, two-arms, cross controlled clinical study.
Population and study groups
Inclusion criteria: a group of 35 women aged 20-45 and premenopausal women aged 45-50 with severe PMS and mastalgia (breast swelling and tenderness) as a dominant symptom were enrolled in the study in accordance with acceptable PMS criteria (Appendix 1). "Severe symptom" is defined as scored at level 7-10 according to the standard (0-no symptom to 10-severe symptom) scale of PMS symptoms (Appendix 2).
Exclusion criteria: Pregnant or lactating women, women with serious health problems and abnormal laboratory tests, women using contraceptives during last three months.
A skin test for hormone sensitivity was performed in all enrolled participants. Following a daily follow-up after symptoms and skin reactions for one month the subjects were allocated randomly to two groups in a blinded to participant fashion: a. During the period starting on April 14, 2009 
Screening period
All recruited subjects with PMS and mastalgia (breast pain), as a dominant PMS symptom, underwent a baseline demographic and medical evaluation after signature on an Informed Consent Form. The evaluation included also a daily PMS Questionnaire, relating to PMS symptoms and their severity. Enrollment of study participants was performed on the 16th-21st day (luteal phase) of the menstrual cycle. Allocation to both groups was performed by a randomization procedure using a computer generated random rule.
Detection period
Skin testing to sex hormones was performed during the luteal phase of the patient's menstrual cycle 1 to 2 days after the screening.
All solutions were injected intradermally into the volar aspect of the forearm. Four hormones and one control (EO) solutions were administrated in a volume of 0.02 ml each. Positive control histamine (prick test), with negative control (Saline) were administrated in parallel to the hormone administration to confirm a potency of the immune system to react. Skin reactions were evaluated after 20 minutes and were defined as Immediate Response.
Second skin response was assessed by the study investigators after 48 hours, defined as Late Response, and then self-assessed by the subject daily, using ruler.
Daily examination and recording of skin reaction size and filling of the PMS Severity Questionnaire were performed by the subjects every evening (8-9pm) during the following month until the scheduled visit in the next luteal phase.
Diameter of intradermal wheal (not erythema) was considered for evaluation as a skin cellular reaction.
Treatment period
At the end of the first month of skin response observation, in the luteal phase of the next menstrual cycle, desensitization treatment was designed based on the positive skin responses to hormones.
Three sessions of desensitization were planned to be performed once a month. Each session consisted of separate hormone intradermal injections according to the positive skin test reaction. Each month the volume of intradermal injection was doubled, beginning with 0.04 ml in the first month, 0.08 ml in the second month, and 0.16 ml in the third month.
Upon completion of the placebo treatment and data collection the subjects from the PLACEBO group were proposed to undergo desensitization treatment according to the skin test results.
During the treatment period the participants continued daily recording of the PMS symptoms and skin sensitivity if it continued to exist.
Repeated skin test was not performed as part of the study protocol.
Intradermal injection specifications and technique
Hormone concentrations in skin testing
Vehicle/solvent (in PLACEBO group)
1. Saline (NaCl) 0.9%; Ethyl Oleate with 10% Benzyl Alcohol; Histamine phosphate 1 mg/ml (epicutaneous-prick test)
Hormone injection protocol in HORMONE group
Subjects with positive skin test to at least one sex hormone were injected with an increasing volume of the appropriate hormone at the same concentration as it was used in the skin test as follows:
1. Week 4 of the study (luteal phase of 2nd menstrual cycle) -0.04 ml 2. Week 8 of the study (luteal phase of 3rd menstrual cycle) -0.08 ml 3. Week 12 of the study (luteal phase of 4th menstrual cycle) -0.16 ml Hormone injection technique 1. Hormone solutions were heated to body temperature (36.6C) in the water bath and were injected according to the standard technique (10 ) accompanied by visual control of the formation of the intradermal papule. The procedure was performed by a single qualified professional.
Data analysis
The data from the diaries and questionnaires, as well as physiological data of the subjects in the HORMONE group were compared with the similar data of the subjects in the PLACEBO group. Demographic and baseline variables were summarized and analyzed to access the comparability of the PLACEBO and HORMONE groups. For treatment efficacy the following method was employed. Mean score for each symptom was calculated during the luteal phase of the first and last month. The comparison was performed between means of PLACEBO and HORMONE groups by a Student's t-test, between final and initial scores of each symptom in each patient.
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Results
Patient enrollment
During the 2 year period starting on April 14, 2009 to April 13, 2011, 35 subjects have been enrolled in the study (Table 1 ). Twenty 20 subjects (57%) dropped out of the study due to various personal reasons and screening failures such as hepatitis, willingness to use contraceptives, a long trip, operation etc., but more interestingly due to resolution of symptoms during the skin test phase and lack of incentive to continue their participation.
Of 15 subjects that finally participated in the study 8 have been randomly allocated to HORMONE group and underwent at least 2 treatment sessions. 7 have been randomly allocated to PLACEBO group.
Sensitivity to hormones
Sensitivity to one or more female sex hormones has been detected at different levels in 91% (20 out of 22) of the patients with PMS. The results of the skin tests in both groups are shown in Tables 2A and 2B (for the drop out group) (see Table 2C ).
Diary of PMS symptoms
Representative data from individual PMS questionnaires of subjects responded and not responded to the treatment is depicted in Fig. 1 . Red point indicates a menstruation onset. The graph is presented as a mean severity score of the PMS-associated symptoms measured daily during the study. The differences in time duration of treatments are due to technical differences of show-up schedules of individual patients.
Responsivity to treatment
Means of initial and final scores are presented in Table 3 . This mean score, in contrast to the mean score in the next section, represents a mean of individual daily scores in luteal phase assessed for each symptom separately. Blank spaces indicate lack of symptom appearance in the patient.
Relative symptom severity improvement (RI) of each of the PMS symptoms was calculated according to the below formula (depicted in Fig. 2 ) -RI ¼ (average of initial scores -average of final scores)/average of initial scores. No difference between PLACEBO and HORMONE groups was observed.
It is worth mentioning that the PLACEBO group was subjected to the skin test which actually represents a first non-specific treatment by a low hormone concentration. Thus, an excessive efficacy of the PLACEBO group might be due to the high responsiveness of certain patients to the single low-dose treatment.
Further, both HORMONE and PLACEBO groups have been combined to one group including different number of treatments. The efficacy of the treatment (specific and non-specific) was examined through comparison of initial and final scores in 15 patients. Changes in severity of clusters of physical (9 symptoms), mental (5 symptoms) and behavioral Table 1 Enrollment of participants to the study, Average age of the subjects in HORMONE group was 37.5 AE 6.4 and in PLACEBO group was 35.9 AE 5.4 (Standard error).
No of subjects 20 Dropped out 7 PLACEBO 8 HORMONE (12 symptoms) symptoms (Appendix 2) as well as total of 26 symptoms have been examined were found to be highly significant (t-test p values between 0.01 and 0.001, Fig. 3 ). Fig. 4 demonstrates a responder rate of patients exposed to skin test alone (in PLACEBO group) or to skin test and 2-3 specific hormone treatment (HORMONE group). The level of response was calculated as an >40% improvement in PMS-associated symptoms according to the following scheme:
1. R ¼ Responder -improvement in !40% of the PMS-associated symptoms 2. NR ¼ Non-responder -improvement in <40% of the PMS-associated symptoms Among the HORMONE group 7 out of 8 patients (88%) responded to the treatment. In the PLACEBO group 5 out of 7 patients (71%) responded to the skin test and placebo treatment. Total responder rate for 15 patients was 80%.
Despite the inclusion criteria of severe mastalgia, based on the patient inquiry, only 13 out of 15 patients reported mastalgia as a severe symptom during the first month. More than 40% improvement in the symptom was observed in 7 out of 13 patients (54%). Of those 4 out of 6 (75%) patients in the PLACEBO group, which received only one injection (skin test), demonstrated 40% improvement in the symptom severity. As mentioned in the Methods section, repeated skin test was not performed as part of the study protocol.
Adverse events
No serious adverse events (AE) have been reported. Most AE included local skin response (itching, redness, swelling) that disappeared during the first month.
Discussion
Modern classification of menstrual related diseases can be found in the fields of gynecology, psychiatry and endocrinology in modern medicine terminology: Psycho-Neuro-Endocrine-Immunology (P.N.E.I.). It is a scientific field of study that focuses on the link between the nervous system, the endocrine system, and the immune system. With respect to the therapeutic concept proposed in this study, the Low Dose Medicine is a promising approach that will be able to allow design of innovative therapeutic strategies for the treatment of menstrual cycle diseases based on the rebalance of the immune response. 9 Due to an absence of reliable biological marker of cyclic menstrual pains we established a skin test (allergologically based) directed to provoke an allergic reaction by intradermal administration of small concentrations of sex hormones. The skin test to sex hormones and desensitization treatment were first described by Mandatory Palestinian scientists. 2 This study hypothesized that an immune-endocrine-allergic mechanism does exist, that the mechanism is reflected by provoked skin sensitivity and that such a mechanism is responsible for cyclic pain syndromes. We therefore continued the development of this theory (and clinical practice) over the last 20 years.
15-19 We postulate that the mechanism responsible for intolerance to sex hormones is in fact an adaptive reaction of several bodily systems to stress, enhanced during ovulation, thus leading to temporary inbalance, manifested as a well-known and well-described entity of premenstrual syndrome array (see Appendix 2 for the list of PMS symptoms). Moreover, the known mechanism of allergic skin response is probably responsible for skin sensitivity to dermal injections. 10 Thus, it is possible that sex hormone intolerance plays a pivotal role in the pathophysiology of various autoimmune diseases. 11 Additionally, these clinical syndromes may transform themselves into proliferative inflammatory or even neoplastic processes. For instance, in a prospective French study 12 a 5-fold increased breast cancer risk was found in women with cyclic mastalgia. Possible markers for pain syndromes, dysmenorrhea, low back pain and menstrual headache are tissue or even plasma Ca/Mg and vitamin D reduced levels often found in these conditions. The intradermal application of sex hormones in optimal tissue Ca/Mg and vit D microenvironment and optimally standardized technique that induces effective Dendritic/Ts cells inhibiting inflammatory response become an attractive therapeutic method for different clinical situations. 13 Japanese scientists 14 found a cyclic pattern of autonomic nervous system functioning shifts in women suffering from PMS, which may be attributed to the serum biochemical cyclic shifts symptoms in these women.
It is safe to suggest that the reproducibility of these symptoms, especially the metabolic stress and electrolyte inbalance, may influence the gene expression array responsible for prolonged pain sensitization. Many genes of the stress response system are similar in plants and humans (NFkB, Bax, Map kinase, etc). Even a precursor gene exists for management of stress in yeast and plants of the p53 gene, which is a hallmark gene in mammals and humans for cell repair and is also involved in human stress response. The DNA repair gene, p53, is regulated in humans by the androgens (DHEA and testosterone) metabolite androstenediol and rostanediol.
A reduction of androgens and their metabolites over a longer time, impairs therefore cell repair and neurogenesis, and they are also involved in the modulating of immunity of the mother during pregnancy.
Thus prolonged pain syndromes such as PMS, recurrent or chronic pain resulting from traumatic brain injury, especially in recurrent trauma, probably lead to central sensitization of various systems -a concept wellaccepted by immunologists, endocrinologists and pain specialists.
Our experience indicates that an immunological reaction of sex hormone intolerance correction, brought about a stable remission of pain syndromes including reduced Visual Assessment Score pain levels in our patients (non-published data).
We want to mention a design flaw of our experiment such as a lack of a placebo group in the skin test phase and a lack or Ca/Mg or Vitamin D levels, which probably explains the similar positive effect in the PLA-CEBO and HORMONE groups. Moreover, a high proportion of dropout was partially due to resolution of symptoms in the skin test phase, probably due to such an early positive effect. Therefore, in a future study we suggest to optimize our design taking into consideration the aforementioned points.
Therefore, induction of tolerance via intradermal application with naive or bioidentical sex hormones could be used to inhibit cell-mediated immune responses, as we found in PMS, and animal model of recurrent abortions, [15] [16] [17] [18] [19] or even in a broader spectrum of autoinflammatory diseases. 20 It is important to note that sex hormone intolerance is critically dependent on Ca/Mg and Vitamin D levels. This fact may explain an unexpected immediate effect to initial skin test prior to de-sensitization procedure in many cases (in which the Mg or Vitamin D group were not measured, which may explain such a prompt response).
To conclude, we feel that it is safe to suggest that the efficacy of this novel approach might be of high value in treatment of PMS and additional pathologies, especially in the field of idiopathic autoimmune disorders such as small fiber neuropathy and fibromyalgia.
Conclusions
1. Severe PMS is correlated with a high predominance of sensitivity (>90%) to one's own female hormones (Progesterone, Estradiol, Estrone, Estriol). 2. A high safety profile of the Diagnostic Skin Test Panel and desensitization treatment is observed. 3. A high treatment response rate (80%) in patients suffering from PMS symptoms was shown. 4. Even a single exposure of the patient to the smallest dose of the hormones during the skin test, might have a therapeutic effect, expelling the PLACEBO group positive effect. 5. Equal effect of the treatment on physical, mental and behavioral symptoms was demonstrated. 6. In a future optimized study, a skin test placebo group is needed to be included. 7. Sex hormone desensitization therapy to be considered in various related pathologies such as infertility, gynecology-oncology and breast cancer, endocrine and idiopathic autoimmune disorders.
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